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Carys Bennett

Abstract

This review examines the nature and chronology of the transition of ostracods from marine to non-marine 
aquatic environments in the Devonian and Carboniferous. There is putative evidence of ostracods in 
brackish waters from the middle Silurian, but more robust evidence from the Devonian. The first  putative 
freshwater ostracods are species of the genera Carbonita and Geisina which are found in the early to mid-
dle Carboniferous Coal Measures. Freshwater ostracods are common in the middle Pennsylvanian Coal 
Measures of late Carboniferous age, with species of genera such as Darwinula, Carbonita, Candona and 
Cypridopsis. The Lower Carboniferous Viséan succession from the Midland Valley of Scotland provides a 
unique range of sedimentary environments from marine to non-marine, and a diverse range of ostracods 
and macrofauna. It is an ideal sequence to study the radiation of the Ostracoda from marine to non-ma-
rine realms. Non-marine species of Carbonita are found in the lower Viséan, associated with spirorbids, 
Naiadites, Estheria, plant and fish fragments. Marginal marine species include the genera Geisina, Parapar-
chites, Shemonaella and Cavellina, all of which are eurytopic. The first non-marine environments occupied 
by ostracods were near the shoreline, and influenced by marine transgressions. The adaptations needed to 
survive in freshwater or low salinities would have included changes in osmoregulation, feeding, and repro-
ductive strategies such as parthenogenesis, to enable opportunistic colonisation of temporary freshwater 
habitats such as seasonal pools.
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Introduction

Ostracods are found today in a very wide range of aquatic en-
vironments, from freshwater aquifers to deep marine waters, 
ephemeral pools and damp terrestrial habitats (Horne 2003). 
A stratigraphical history of the different environments occu-
pied by ostracods and traditionally presumed related taxa in 
the Palaeozoic is shown in Table 1. The first true ostracods 
occurred in the early Ordovician, and lived in shallow marine 
environments (Tinn & Meidla 2004, Williams et al. this 
volume), radiating into pelagic environments by the middle 
Silurian (Siveter 1984, Siveter et al. 1991, Vannier & Abe 
1992). Carboniferous ostracods occupied a wide range of en-
vironments, from non-marine and near-shore facies to deep 
marine (Bless 1983); the most common genera are shown 
in Ostracods that inhabit terrestrial and freshwaters today are 
entirely Podocopida, belonging to the superfamilies Darwinu-

loidea, Cypridoidea and Cytheroidea (Horne 2003). The 
Cypridoidea are the dominant freshwater ostracods today, and 
it is possible that they had a late Palaeozoic origin, as has been 
suggested for the Terrestricytheroidea (Horne et al. 2004). 
Evolutionary studies show that in theory ostracods could have 
first inhabited terrestrial environments in the early Ordovician 
(Newman 2005), but there is no fossil evidence for this. 

Lateral valve outline, hingement, muscle scars and surface 
ornamentation are used to classify Carboniferous freshwater 
ostracods. These criteria were used, for example, to distinguish 
between the Pennsylvanian freshwater ostracods Carbonita, 
Whipplella and Gutschickia (Sohn 1977, 1985). However, de-
tailed muscle scars are often not preserved, leading to problems 
in identification and classification. Critically, the discovery of 
myodocopid soft part anatomy in a very palaeocope-like cara-
pace from the Silurian (Siveter et al. 2007), has shown that 
extreme caution is needed in Palaeozoic ostracod taxonomy. 
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This study reviews the evidence for the timing and nature 
of the colonisation of non-marine environments by ostracods. 
Here, non-marine refers to the complete range of salinities 
lower than that of ‘normal marine’, down to freshwater. The 
different proxies used to interpret a non-marine palaeoenviron-
ment are critically assessed. The strongest evidence of ostracods 
adapting to reduced salinities is from the late Devonian and 
early Carboniferous. A multi-proxy approach is highlighted by 
a case study of marginal marine ostracods from the Midland 
Valley of Scotland. The physiological adaptations needed by 
the first non-marine ostracods are also discussed.

Determining palaeoenvironments containing 
ostracods

Criteria used to distinguish a non-marine environment include 
information from morphological and taxonomic comparisons 
with modern non-marine ostracods, sedimentology, associated 
flora and fauna, and geochemistry. The most comprehensive 
studies of palaeoenvironment use a multiproxy approach (for 
example Schultze et al. 1994, Tibert & Scott 1999, Wil-
liams et al. 2006). 

Taxonomic	 uniformitarianism: Some Carboniferous 
freshwater ostracods such as Darwinula, Candona and Cypri-
dopsis are comparable with their living freshwater podocopid 
relatives based on carapace characteristics only. Carbonita 
has been compared to Recent podocopes such as Cypridopsis 
(Neale 1984), but this is unconfirmed by soft part evidence, 
and the Carbonitoidea may be polyphyletic (Horne et al. 
2002). The principle of taxonomic and hence ecological uni-

formitarianism can be applied within the Palaeozoic; for exam-
ple, Carbonita from the middle Carboniferous Coal Measures 
(Pollard 1966, 1969) is considered indicative of freshwater 
when occurring in early Carboniferous age sediments (Pol-
lard 1985). However, it must be noted that Carbonita was 
probably euryhaline, as it is also found in marginal marine 
sediments of the early Carboniferous (Tibert & Scott 1999).

Palaeoecology:	 It is well documented that in living and 
fossil faunas restricted marine and brackish ostracods have rel-
atively low diversity and high abundance compared to marine 
assemblages (see, for example, Keen 1977, Whatley 1983, 
Siveter 1984, Carbonel 1988). The occurrence of low diver-
sity, high abundance ostracod faunas has been used to interpret 
stressed environmental conditions such as low salinity (Pol-
lard 1985), and hypersalinity (Dewey 1987) in the early Car-
boniferous. The abundance of typically stenohaline ostracods 
such as bairdioideans can be informative, as in open marine 
conditions they often constitute up to 50% of the individuals 
in an assemblage (Lethiers 1981, Bless 1983, Bless et al. 
1988). 

Macrofossils: Many groups of macrofossils are good pal-
aeoenvironmental indicators. Certain taxa are characteristic of 
brackish or freshwater salinities, such as the bivalves Naiadites, 
Carbonicola and Anthraconaia, from the Pennsylvanian Coal 
Measures of North America and Britain (Clift & Trueman 
1929, Scott & Summerson 1943, Pollard 1966, Brand 
1996). Spirorbiform microconchids (Spirorbis) occur in a 
range of non-marine environments (Taylor & Vinn 2006). 
However, the typical salinity range of many Carboniferous 
macrofossils is unknown or equivocal. For example, an early 
Carboniferous fauna containing fish, spirorbids, myalinid bi-
valves and abundant plant matter can be interpreted as brack-
ish or shallow marine (Pollard 1985).

Sedimentology: Hypersaline environments can be iden-
tified by the presence of evaporites, which commonly occur 
with desiccation cracks. Supratidal limestones are often depos-
ited in hypersaline environments, as in, for example, those of 
the Dimock and Phillips limestones of Nova Scotia (Dewey 
1987), where the limestones containing ostracods are associ-
ated with thick units of anhydrite and gypsum evaporites. A 
combination of detailed sedimentology and fossil evidence is 
the most common means for determining palaeoenvironment, 
as in the Hamilton Konservat-Lagerstätte of Kansas (Schul-
tze et al. 1994), and the Joggins Formation of Nova Scotia, 
Canada (Falcon-Lang et al. 2006). In the former example, 
freshwater conditions were deduced by the presence of a fluvial 
palaeochannel containing sediment with a terrestrial flora, and 
a fauna of Anthraconaia, Carbonita and Darwinula. 

A	multi-proxy	approach: Lower Carboniferous (Tournai-
sian) sediments from the Ballagan Formation, Midland Val-
ley of Scotland provide multiple lines of evidence to deduce 
palaeoenvironment. These include sedimentology, palynology, 
ostracod palaeoecology, and geochemical analysis of ostracod 
shells (Stephenson et al. 2002, Williams et al. 2005, 2006). 
Both the carbonate and clastic sediments of the Ballagan For-
mation contain desiccation cracks and evaporites, suggesting 
conditions of fluctuating salinity and sea level. Certain algal 
palynomorphs such as Botryococcus ssp. are known from brack-
ish to freshwater conditions (Stephenson et al. 2004). Ostra-
cods form low diversity assemblages, and lack typical marine 
species. Ostracod and mollusc shells gave a range of -3‰ to 

Permian Carbonitoidea and most Palaeocopida extinct end 
Permian (9)

Carboniferous Freshwater ostracods common in Carboniferous 
Coal Measures e.g. Carbonita and Dawinula (8)
Putative freshwater and common brackish water 
ostracods in the Mississipian e.g. Geisina (7)

Devonian Leperditicopids in brackish water, extinct end  
Devonian (6)
Marginal marine ostracods e. g. Sansabella, Cavel-
lina (5)

Silurian Putative evidence for brackish ostracods (4)
Myodocopes colonise the pelagic realm (3)

Ordovician Leperditicopids in shallow marine and hypersaline 
waters (2)
Palaeocopes characterise shallow marie benthic 
environments (1)

Table 1. The ecological radiation of Palaeozoic Ostracoda and pre-
sumed related taxa. Key references for the different environments and 
events are: 1: Tinn & Meidla 2004; 2: Berdan 1984; 3:  Siveter et 
al. 1991; 4: Clarkson et al. 1998; 5: Bless 1983; 6: Friedman & 
Lundin 1998; 7: Bless 1983; 8: Bless & Pollard 1973, Schäfer 
2007; 9: Horne 2003. 
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-11‰ δ18O, which was interpreted as marine and more fresh-
water end members respectively, including a significant diage-
netic overprint (Williams et al. 2006). This is a rare example 
of geochemical work on Palaeozoic ostracods (the other case 
being from the Ordovician: Brenchley et al. 2003). 

The timing of non-marine colonisation by 
ostracods

Hypersaline	waters

The Leperditicopida, a putative ostracod group (Whatley et 
al. 1993), occur from the Ordovician to Devonian (Berdan 
1984, Vannier et al. 2001). They are significantly larger than 
nearly all other ostracods, and are found in hypersaline wa-
ters in the Ordovician (Berdan 1984, Williams & Siveter 
1996), and brackish to supposed fresh waters in the Devonian 
(Friedman & Lundin 1998, Knox & Gordon 1999). They 
commonly occur in low diversity communities, frequently 
associated with stromatolitic limestones (see Siveter 1984, 
Vannier et al. 2001, Warshauer & Smosna 1977). Although 
the Leperditicopida were seemingly adapted to a range of non-
marine environments, their status as ostracods is uncertain as 
no soft parts are known.

Paraparchitacean ostracods are common in Carboniferous 
marine environments, and they dominate in early Carbonifer-
ous hypersaline sediments, as seen in examples from Canada 
(Dewey 1983, 1987, 1989) and Scotland (Williams et al. 
2006). They commonly occur as low diversity, high abundance 
assemblages, with evidence of opportunistic reproduction 
strategies such as supposed progenesis and parthenogenesis 
(Dewey 1987).

Brackish	waters

The middle Silurian Straiton Grits Formation of south west 
Scotland, contains beyrichiacean palaeocopes thought to be 
deposited in a brackish, coastal lagoon (Clarkson et al. 1998, 
Floyd & Williams 2003). This is the oldest known occurrence 
of beyrichiaceans in reduced salinities, although there is a lack 
of supporting evidence such as geochemical data, to endorse a 
low salinity signal. 

The early Devonian and middle Carboniferous (West-
phalian) of the Brabant Basin in Belgium contains some pos-
sible brackish water ostracod assemblages (Bless 1983, Bless 
et al. 1988). The early Devonian sediments in question are 
interpreted as a deltaic, brackish environment based on the 
sediments and fauna, and is another early record of brackish 
water ostracods (Rebske et al. 1985). The ostracods Eupri-
mites? koeppeni (a palaeocope) and Rebskeella waxweilerensis 
(affinity unknown), are associated with abundant plant frag-
ments, miospores, Modiolopsis ekpempusa and the leperditicope 
Herrmannina. 

Leperditicopes from the middle Devonian of the Catskill 
Mountains, New York State, were interpreted as living in a 
freshwater environment (Friedman & Lundin 1998). They 
occur in fluvial sandstones, with abundant plant fragments, 
fish scales, and the bivalve Archandon catskillensis. A study of 

the overlying succession indicated brackish conditions, and the 
presence of the palaeocope Welleria, a genus unknown from 
non-marine deposits (Knox & Gordon 1999). 

Carbonita is first recorded from the middle Devonian Du-
shan Formation of Kweichow, China (Shi 1964). This is ques-
tionable as Carbonita is figured poorly and listed with commonly 
marine ostracods, and there are no details on the sediments, as-
sociated macrofossils or an environmental interpretation. This 
is also the case for some early Carboniferous records which in-
clude species of Carbonita with a large list of marine ostracods, 
but there is no information on the sedimentology or associated 
fauna to allow an environmental reconstruction (for example 
Buschmina 1965, Samoilova & Smirnova 1960). The earliest 
record of Carbonita with details of macrofossils and sediments 
that indicate a brackish setting is from the early Carbonifer-
ous (Tournaisian) of Nova Scotia (Tibert & Scott 1999). It 
occurs with the ostracods Bairdiacypris, Shemonaella and Co-
pelandella in a range of environments from near-shore marine 
to low salinity coastal ponds. Tournaisian ostracods from the 
Midland Valley of Scotland (Ballagan Formation) include nu-
merous taxa that are interpreted as living in a marginal marine 
and brackish water environment, such as species of Sansabella, 
Sulcella, Glyptolichvinella, Bythocypris and Cavellina (Williams 
et al. 2005, 2006). The middle Carboniferous of Great Britain 
contains Shemonaella scotoburdigalensis, Cavellina and possibly 
Carbonita, interpreted to be from a brackish setting (Pollard 
1985). The earliest documentation of freshwater ostracods (Sh-
emonaella scotoburdigalensis) is from the Lower Carboniferous 
Burdiehouse Limestone of Scotland (Hibbert 1834). How-
ever, that claim is disputed, as Shemonaella and the associated 
fauna of spirorbids, coprolites, fish and plant fragments are 
commonly also found in brackish waters in the Carboniferous. 
Paraparchitacean, platycope and bairdioidean ostracods occur 
in reportedly brackish settings from the Mississippian of the 
Maritimes Basin of Canada (Dewey 1983, 1989). However, 
supporting evidence for brackish conditions from the macro-
fauna and sediments is somewhat limited. 

Freshwaters

Deposits adjacent to the Devonian – Carboniferous boundary 
in South China have the earliest record of putative freshwa-
ter ostracods; Leperditia and Gutschickia? were used to signal 
a lagoonal and a freshwater environment respectively (Coen 
1989). However, elsewhere Leperditia is also found in marine 
conditions, and Gutschickia? may have been misidentified (evi-
dently on the muscle scar pattern). The ostracods in question 
co-occur with typically stenohaline, and marginal marine os-
tracod species. Thus, it is considered that in this case, there is 
not enough data to verify a freshwater setting, and a marine-
influenced setting is more likely. 

Supposed freshwater ostracods including the genera Car-
bonita, Darwinula, Gutschickia, Pruvostina and Whipplella are 
described from middle Carboniferous sediments of Virginia 
(Sohn 1985), in carbonaceous shales above a rooted clay, at 
the base of a marine transgression. Again more sedimentologi-
cal and macrofossil data are needed to confirm a fully fresh-
water setting. The lower Pennsylvanian Joggins Formation of 
Nova Scotia contains ostracods including Carbonita, and is 
interpreted from the sediments and the macrofauna as repre-
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senting a fresh to brackish water palaeoenvironment (Falcon-
Lang et al. 2006, Tibert & Dewey 2006). 

The Pennsylvanian Coal Measures contain the majority of 
the Carboniferous freshwater ostracods, and were a key en-
vironment for non-marine colonisation. The Coal Measures 
of Northern England contain Geisina arcuata and species of 
Carbonita (Pollard 1966, 1969, Anderson 1970, Bless & 
Pollard 1973). Carbonita is numerically dominant over Gei-
sina from the Lower to Upper Coal Measures, and this reflects 
an increasing freshwater influence through time. Ostracods 
that occur in the Coal Measures of North America, Europe 
and Russia include species of Candona, Carbonita, Cypridina, 
Cypridopsis, Darwinula, Gutschickia, Hilboldtina, Pruvostina, 
Whipplella and Suchonella (Scott & Summerson 1943, Scott 
1944, Cooper 1946, Kummerow 1949, Buschmina 1959, 
Přibyl  1960, Sohn 1977, Schäfer 2007; see Table 2). 

The first record of ostracods from an unequivocally fresh-
water setting is the occurrence of Carbonita in the Monteceau 
Lagerstätte, from the late Carboniferous of France (Vannier 
et al. 2003). The ostracods are associated with spinicaudant 
arthropods (for example Euestheria), which are known from 
the Recent and fossil record as a freshwater group. The Mon-
teceau ostracods were thought to have lived in an ephemeral 
freshwater pond in an intramountain basin. There is no record 
of any marine influence to the sedimentation, as opposed to 
the Coal Measures described above, which are sometimes as-
sociated with marine incursions.

Integrity	of	the	fossil	record	of	non-marine	
ostracods

The majority of the published fossil evidence for Carbonifer-
ous non-marine ostracods comes from North America, Can-
ada and Western Europe, with fewer records of non-marine 
taxa from China and Russia (Text-fig. 1). Although most of 
the occurrences are from Laurussia, the data reflect ‘collection 
bias’ rather than an original palaeontological  signal. This can 
be verified  by the fact that similar marginal marine assem-
blages are found from Europe, Russia, North America, Canada 
and Africa (Bless 1983, Bless & Massa 1982). More fossil 
discoveries could probably provide evidence for the origin of 
fully freshwater ostracods back to the early Carboniferous, and 
possibly the late Devonian. 

Lower Carboniferous of Scotland:  
a multi-proxy case study

The Lower Carboniferous (Viséan) Strathclyde Group of the 
Midland Valley of Scotland shows some of the earliest evidence 
of ostracods from reduced and low salinity environments. The 
palaeogeography is that of a restricted marine seaway, giving 
a wide range of environments, while contemporaneous vol-
canism and abundant palynomorphs provide robust dating 
(Monaghan & Parrish 2005, Stephenson et al. 2004). The 

Deep	marine Shallow	marine Marginal	&	Brackish Freshwater Hypersaline

Bairdiaceans

Tricornids

Entomozoaceans

Acratia

Amphissites

Bairdia

Bairdiacyprsis 

Basslerella

Coryellina 

Cribroconcha

Geffenina

Healdia

Hollinella

Jonesina

Kirkbya

Monoceratina

Polycope

Shishaella

Shivaella

Youngiella

Beyrichiopsis

Bythocypris

Cavellina

Chamishaella

Geisina

Glyptolichvinella

Glyptopleura

Knoxiella

Paraparchites

Sansabella

Shemonaella

Silenites

Sulcella

Mississippian:

Carbonita

Geisina

Velatomorpha 

Pennsylvanian:

Candona

Carbonita

Cypridina

Cypridopsis

Darwinula

Gutschickia

Hilboldtina

Pruvostina

Suchonella

Whipplella

Beyrichiopsis

Paraparchites 

Shemonaella 

Table 2.	A summary of the most common Carboniferous ostracod genera, grouped according to their environmental setting as detailed in the 
literature. Freshwater taxa that are endemic to North America are Gutschickia, Hilboldtina, Pruvostina, Whipplella and Suchonella. The species 
listed are sourced from: Becker et al. 1990, Benson 1955, Bless 1983, Bless et al. 1988, Buschmina 1959, Coen 1989, Cooper 1946, 
Crasquin 1985, Dewey 1987, 1988, 1989, 1992, Dewey et al. 1990, Dewey & Puckett 1993, Kummerow 1949, Pollard 1966, 1969, 
1985, Přibyl 1960, Schäfer 2007, Schultze et al. 1994, Scott 1944, Scott & Summerson 1943, Sohn 1977, 1985, Tibert & Scott 1999, 
Vannier et al. 2003, Williams et al. 2005, 2006.
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Text-fig. 1. Distribution of Carboniferous non-marine ostracods referred to in this article. The palaeogeographic map is a reconstruction of the 
Lower Carboniferous at 335Ma, modified from Ziegler (1989). Literature that includes non-marine species, for example Darwinula, but which 
does not give an environmental interpretation is not included. Numbers next to freshwater and brackish water occurrences indicate where the 
information is published in the literature. 1: Kansas, USA: Schultze et al. 1994. 2: Illinois, USA: Cooper 1946. 3:  Virginia, USA: Sohn 1985. 
4: Southern Appalacian Coal Field, USA: Scott & Summerson 1943. 5: Nova Scotia, Canada: Tibert & Scott 1999, Dewey 1987, 1989. 6: 
Midland Valley of Scotland: this study, Williams et al. 2006. Berwickshire, Scotland: Pollard 1985. 7: Northern England: Bless & Pollard 
1973, Pollard 1966, 1969. 8: Limburg, The Netherlands: Bless & Pollard 1973. Brabant Massif, Belgium: Bless 1983, Bless et al. 1988. 
Central France: Vannier et al. 2003. 9: South West Germany: Schäfer 2007, Ruhr region, Germany: Kummerow 1949. 10: Czech Republic: 
Přibyl 1960. 11: South China: Coen 1989. 12: central Kazakhstan: Buschmina 1959.

Text-fig. 2.	Mississippian stratigraphy of the Midland Valley of Scotland (modified from Browne et al. 1999). The formations studied from Fife 
are indicated within the black box.
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Strathclyde Group (Text-fig. 2) is characterised by a range of 
sediments, from marine successions deposited in a shallow 
seaway, through deltaic and marginal marine, to fluvial and 
lacustrine deposits. Most of the succession is marginal marine 
and fluvially dominated. The stratigraphy has been recently re-
vised, and marine transgressions can be correlated regionally 
(Browne et al. 1999). A multi-proxy analysis of the Ballagan 
Formation from the Midland Valley of Scotland gave evidence 
for hypersaline and brackish water ostracods (Williams et al. 
2006).

The Strathclyde Group contains podocope, platycope 
and palaeocope ostracods, mainly occurring in mudstones 
and siltstones. Marine and non-marine environments are dis-
tinguished on the basis of macrofauna and sedimentology. A 
fairly low diversity marine ostracod fauna comprises of Bair-
dia submucronata, Hollinella radiata, Hollinella longispina and 
Polycope sp. The taxa are associated with typically stenohaline 
marine macrofauna such as bryozoans, goniatite fragments and 
brachiopods. There are a wide variety of eurytopic ostracods, 
found in marine and non-marine sediments, including species 
of Cavellina, Shemonaella and Paraparchites. 

Ostracods interpreted as non-marine are Geisina cf. arcu-
ata and species of Carbonita (Text-fig. 3), of which the oldest 
specimens are from the lower Viséan. These ostracods are as-
sociated with fish and plant debris, Naiadites and Curvirimula 
bivalves, Estheria spinicaudants and spirorbids. They are found 
in silts and mudstones between sandy units, and in microbial 
limestones such as stromatolites. The sediments and macro-
fauna are indicative of low salinity conditions. However, the 
palaeosalinity cannot be accurately determined from the sedi-
ments and macrofossils alone, as the macrofauna associated 

with these ostracods is typically found in a range of brackish 
and freshwater salinities. Petrological and geochemical stud-
ies of algal limestones from the Strathclyde Group indicated a 
lacustrine origin (Guirdham et al. 2003). There is no evidence 
of hypersalinity in the form of evaporites, but there are seat 
earths and palaeosols which indicate subaerial exposure. Text-
fig. 4 provides a schematic diagram of the possible environ-
ments occupied by the ostracods from the Strathclyde Group, 
from non-marine to shallow marine settings.

Adaptations for life in non-marine 
environments

The first non-marine environments occupied by ostracods 
were near the shoreline, and influenced by marine transgres-
sions (for example Schultze et al. 1994, Tibert & Scott 
1999). Thus the first non-marine colonisers may have been 
euryhaline, reflecting the changeable and marginal marine na-
ture of their environment. Osmoregulation is used to regulate 
salinity change, by gaseous exchange through the integumental 
circulatory system, in the non-calcified inner lamella (Aladin 
& Potts 1996, Vannier & Abe 1995). Some living freshwater 
ostracods such as Cyprideis torosa can survive in salinities of 1 
to 40‰ NaCl (Aladin & Potts 1996). It has been suggested 
that the thick-shelled Leperditicopida may have used their 
larger size to cope with osmotic pressures, and their integu-
mental circulatory system may have aided their survival in eu-
rytopic settings (Vannier & Abe 1995, Vannier et al. 2001). 
The paraparchitaceans are the dominant group in hypersaline 
waters, and this adaptation may have been facilitated by a simi-

Text-fig. 3. Selected non-marine and marginal marine ostracods from the Strathclyde Group, Midland Valley of Scotland. 1 – 4 are non-marine 
species, 5 – 8 are marginal marine species. Sample numbers relate to British Geological Survey borehole samples. Images 2, 5 and 6 are light 
photographs, the others are scanning electron micrographs. 
1: Geisina cf. arcuata (Bean, 1836) Kellett, 1936, carapace, right lateral view, 610µm length, × 66, EN 4872. 
2: Carbonita bairdioides (Jones & Kirkby, 1879), carapace, left lateral view, 800µm length, × 46, 6E 6562. 
3: Carbonita cf. inflata (Jones & Kirkby, 1879), carapace, left lateral view, 875µm length, × 39, SE 8413. 
4: Carbonita cf. humilis (Jones & Kirkby, 1879), carapace, right lateral view, 840µm length, × 40, SE 8476. 
5: Palaeocope, right valve, 850µm length, × 46, EN 4805. 
6: Shemonaella sp., left valve, 1200µm length, × 31, EN 4805. 
7: Cavellina benniei Jones, Kirkby & Brady, 1874, juvenile, carapace, left lateral view, 540µm length, × 65, 6E 9601. 
8: Cavellina taidonensis Bushmina, 1968, juvenile, carapace, left lateral view, 500µm length, × 68, EN 4859. 
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lar morphology to the Leperditicopida, their thick shells and 
relatively large size thus aiding in osmoregulation. 

The survival of Carbonita species over Geisina species into 
the Permian may have been dictated by their feeding strategies. 
In the Pennsylvanian Coal Measures of northern England, Gei-
sina and Carbonita occur in different facies (Pollard 1966). 
Geisina has been interpreted as a filter feeder, while Carbonita 
may have been a deposit feeder like the Recent Cypridopsis, 
mainly crawling on the bottom (Neale 1984, Pollard 1966). 
It is clear that Carbonita was better adapted to freshwaters than 
Geisina, as it has a greater diversity of species and adapted to a 
wider range of sedimentary niches (Bless & Pollard 1973). 
The strategy of producing resting eggs resistant to desiccation 
and transport, as seen in the spinicaudant arthropods, may 
also have been used by the first freshwater ostracods, due to 
their co-occurrence in the temporary pond environment of the 
Monteceau Lagerstätte (Vannier et al. 2003). The Cretaceous 
of Brazil has produced possible ostracod eggs (Smith 1999), 
but the only confirmed fossil ostracod eggs are from the Silu-
rian (Siveter et al. 2007). The occurrence of desiccation-resis-
tant eggs would enable the survival of ostracods that lived in 
ephemeral water bodies such as seasonal freshwater lakes.

There are two possible environmental pathways that ostra-
cods could take in order to colonise freshwaters: 1. Active inva-
sion from the sea by euryhaline ostracods. 2. Passive invasion 
from the sea by the restriction of ostracods to isolated habitats 
(see Gray 1988). A driving force for active invasion may have 
been the abundance of land plants, which exploded in their 
diversity and abundance in the Carboniferous (Bateman et al. 
1998). This is a unique feature of the late Devonian and early 
Carboniferous, and provided a nutrient-rich terrestrial habi-
tat in non-marine waters. Mississippian sediments across the 
globe show fluctuating sea levels, which could result in envi-
ronmental scenarios which would aid freshwater colonisation. 
For example, passive invasion could occur in coastal areas that 
were first subtidal, then rapidly exposed by falling sea levels, 
creating stranded saline water bodies that would freshen over 
time. Active invasion may have occurred if ostracods migrated 
up estuaries and into coastal lakes or rivers at times of high sea 
level. Modern estuaries have predominantly freshwater ostra-
cod species that are widely distributed (see, for example Yozzo 
& Steineck 1994). 

Conclusions

– Ostracods were adapted to brackish conditions from the 
Devonian, and the leperditicopid arthropods (putative 
ostracods) were adapted to a wide range of non-marine 
environments, including hypersaline, from the Ordovician  
onwards.

– The first putative freshwater ostracods occurred in the early 
to middle Carbonifeous, and consist solely of species of 
Carbonita and Geisina. A more diverse freshwater fauna 
including Darwinula occurs in the middle Pennsylvanian 
Coal Measures.

– The recognition of palaeoenvironments of a non-marine 
nature requires a multi-proxy approach, incorporating data 
from ostracod and associated faunas, sedimentology, geo-
chemistry and palynology. 

– There is a large gap in the data on Carboniferous non-
marine ostracods, geochemically and geographically, with 
most of the records occurring in Western Europe, North 
America and Canada.

– The range of environments, abundance of macrofossils, 
palynomorphs, the record of well-dated sequences and the 
potential for geochemical studies render the Lower Car-
boniferous of the Midland Valley of Scotland a good se-
quence in which to investigate the marine to non-marine 
transition of the Ostracoda. Non-marine ostracods include 
Geisina and Carbonita and euryhaline ostracods are domi-
nantly paraparchitaceans and kloedenellaceans. 

– The first non-marine environments were probably influ-
enced by marine waters, thus leading to variable salinity 
values. Ostracods may have become adapted to euryhaline 
conditions through changes in osmoregulation, which 
would allow them to live in a range of salinities. They may 
also have used reproductive strategies such as parthenogen-
esis in order to survive when other groups could not.
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